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An initial communications system design 1s described that
is suitable for a manned twilight Mars flyby mission in 1975.
The mission profile assumed is one which provides an Earth-
Spacecraft distance at encounter of 0.8 A.U. and a maximum
distance of 3.2 A.U. Near Mars encounter several probes are
released from the spacecraft and are designed to eilther land

or impact on the Martian surface.

The communications design presented considers the
spacecraft-Earth, Earth-spacecraft and probe-spacecraft communica-
tions links. The design is generally predicated on present day
techniques and is considered to be conservative. Wherever
appropriate, trade-offs between antenna size and transmitter

output power are presented.
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TECHNICAL  MEMORANDUM

I. Introduction

This memorandum contains a description of an initial
communication system design that would be suitable for use
on a manned spacecraft designed for planetary flyby missions.
The mission profile assumed is a twilight flyby of the
planet Mars during 1975 where the spacecraft to Earth dis-
tance at encounter is 0.8 A.U (6.4 x 107 nm) and 3.2 A.U.
(2.56 x 10° nm) at maximum distance.

In the vicinity of Mars, shortly before encounter,
several probes are released from the manned vehicle and
are either landed on the Martian surface (e.g., automated
biological laboratory (ABL) and a geophysical laboratory
(Surveyor-like))or impact the Martian surface (e.g. atmos-
pheric and photographic (Ranger-1like) probes). In addition
to the probe deployment near encounter, the spacecraflt will
be equipped with a large telescope that will be used for
picture taking, probe targeting, and possibly probe tracking.

The communication requilrement assumed for the
system design is to provide the manned spacecraft with a
transmission capability to earth of at least one megabit
per second at encounter. The spacecraft would also have
the capability of receiving some or all of the probe data
which would be retransmitted to Earth. Any remaining probe
data would be transmitted to Earth directly.

IT. Spacecraft-Earth Communications Link

Several prudent assumptions can be made at the
outset in the design of the Spacecraft-Earth link. Among
these are:

(1) The earth-based deep-space tracking network will
be similar to that which exists today. The network
by 1975 is assumed to be updated with at least
three 210' diameter antenna systems similar to
the one now in operation at the JPL facility at
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Goldstone, California. All stations are assumed
to be equipped with cooled maser rf amplifiers,
exhibiting a maximum system noise temperature of
50°K. (This is well within the present state-
of-the-art and is a conservative assumption.)

(2) The frequencies used will be in the S-band (2100-
2300 MHz).

(3) The system will be of the "unified" type similar
to that used for deep space unmanned vehicles
and Apollo.

(4) The miscellaneous losses in the ground network and
the spacecraft (including modulation and demodula-
tion losses) are assumed to be 10d4B.

(5) The desired maximum bit error for the data received
at Earth is 10-3.

The assumed parameters for subsequent calculations are
summarized in Table 1.

Using the one-way ftransmission equation

S _ Pt G¢ Gr
N K Teff B Lfs Lsyst
where: 3/N = signal-to-noise ratio
Pt = transmitter power

Gt = transmitter antenna power gain

G. = receiver antenna power gain

K = Boltzman's constantl
eff = recelving system effective noise temperature
B = bandwidth

L = free space path loss

Lsyst = miscellaneous system losses
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and the assumptions made, the antenna gain-transmitter
power product (G Pt) required for transmitting 10° bps
from the manned gpacecraft to. Earth during encounter is
65.6 dbw. Some of the possible spacecraft antenna size
and transmitter power combinations are:

Antenna Size Antenna Gain Transmitter Power

(2300 Me)
10 ft. 34 db 1450 watts
15 ft. 38 db 575 watts
20 ft. 40 db | 363 watts
30 f't. hh gb 145 watts

The primary tradeoff for determining the antenna size and
RF power combination to be used on the spacecraft is to
minimize the weight, i.e., does a 30' antenna and 145 watt
transmitter with 1ts prime power supply weigh more than

a 20' antenna system and 363 watt transmitter.

A few comments are in order here relative to the
size of the antenna on the spacecraft. The antenna can be
of light welight construction and deployed after injection
into the Mars flyby orbit has been accomplished. Typical
weight of a 30' antenna is estimated to be 200-400 pounds
(a 200 pound, 30' reflector is being considered for the
Advanced Technology Satellite (ATS) program). The erectable
10" antenna which will be used on the lunar surface in the
Apollo program weighs only 15 pounds.

In addition to reducing the amount of power
required for the spacecraft-to-Earth communications system,
the advantage of using the largest practicable antenna on
the spacecraft is to increase the Earth-to-spacecraft
communications capability. The effect of spacecraft antenna
sizes on the Earth-to-spacecraft communications capability

. L] -
during Mars encounter is shcown as follows.
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Antenna Size Communications capability
ol systens  Sopynblonsl . systen
10 ft. 1 x 107 bps 5.37 x 10° Hz
15 ft. 2.7 x 10! bps 1.35 x 107 Hz
20 ft. 5.3 x 107 bps 2.14 x 107 Hz .
30 ft. 1 x 108 bps 5.37 x 10! Hz

At maximum distance from Earth the system capability would be
reduced by a factor of 16. At first glance, enhancement of the
Earth to spacecraft link does not seem to be a big advantage.
However, in a mission of this duration, approximately two years,
it would be highly desirable to provide crew entertainment

(e.g. television) from Earth.

An alternate approach to this system design is to
assume a rigid antenna construction whose size is determined by
the maximum diameter structure that can be stacked within the
launch vehicle. Prime power is then allocated based on the overall
spacecraft power budget. An example of the systems capabilities
that would be available based on this design approach would be
as follows:

Maximum Antenna Diameter 20!

Antenna Gain +404aB

Prime Spacecraft Power Allocated

to Transmission System 2.0kw

Transmitter Output Power at 2.3GHz 0.65kw (28.1 dBw)

Antenna Cain Transmitter Power (GtPt) +68.1dBw

Data rate capability at encounter 1.85x106 Bits/Second
I1Y. Communication Systems with Probes

Various probes have been suggested for use during the
manned Mars flyby mission and they present different requirements
for getting the scientific information back to the manned space-
craft or to the Earth. The basic differences of all the probe
designs from the communications viewpoint are twofold, the infor-
mation rate and the 1life time of the probes. In general, it is
desirable to keep the communications system design on the

¥Bit error rate of 1 x lO"3
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probe as simple as possible. To facilitate this design
approach requires that the spacecraft system(s) used to com-
municate with the probes employ high gain antenna(s) and low
noise receiving systems.

The relative advantages of collecting the probe
information by relay from the manned spacecraft or directly
to the Earth can be estimated by considering the differences
in receiving capabilities of the spacecraft and the Earth
and the communication distances involved. For any probe
design, calculations can be made to determine the "break-
even" point in terms of "days-after-encounter" where the
recelving capability of the manned spacecraft and the Earth
stations are equal for different receiving system designs on
the manned spacecraft. Before the break-even point, the space-
craft would have higher receiving capability than the Earth,
and after the break-even point the reverse would be the
case. Using the parameters given in Table I for the
receiving systems, the break-even points, calculated for several
antenna sizes on the manned spacecraft, are as follows:

Spacecraft Antenna Size Break-even Point

(Days after encounter)

10 ft. 3 days
15 ft. 5 days
20 ft. | 6 days
30 ft. 10 days

It should be noted that the above comparison is

based on the utilization of S-band frequencies on both the
probe-spacecraft and probe-Earth links. Inasmuch as there is

no requirement for the probe-spacecraft 1link to remain in

the S-band frequencies,a change to C-band for this transmission
link would increase the break-even point shown above by a factor
of two (e.g. a 20 foot diameter spacecraft antenna would provide
an enhanced receiving capability for about 12 days after encounter.

Three representative probes presenting different
information rate and life time requirements are used in the
following to give some indication of the -communication systems
requirements for probe communications. These probes are
briefly described as follows:

A. Ranger-type Photographic Probe

The probe is assumed to be a Ranger-type vehicle
which would be launched four or five days prior to Mars encounter
and precede the spacecraft time of encounter by approximately
one hour. Information transmitted is assumed to be analog
television with a baseband of 300 XHz during a ten minute
period prior to the destruction of the probe in the Martian

atmosphere.
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B. Lander Photographic Probe

This probe is assumed to be a lander similar to the
Russian Luna 9 vehicle. The camera on the lander would survey
the Martian terrain for a period of 12 hours after touchdown
during the Martian day. It is desirable to obtain a 360°
panoramic view of the surrounding terrain at least once per
hour so that similar pictures will be taken throughout the
Martian day at various sun angles. It 1is expected that the
lander would lose its line-of-sight with the flyby spacecraft
shortly after touchdown, therefore, the picture information
would need to be recorded on video tape to be transmitted
approximately 12 hours after touchdown when line-of-sight
is reestablished with the spacecraft. Video information is
continuously recorded for twelve hours at a 420 Hz rate and
is assumed to be transmitted to the spacecraft at twice the
recording rate.

C. Long Life Landers

It is anticipated that certain types of long life
lander probes, because of the nature of their intended scientific
experiments, would not have a requirement to transmit at a
high information rate. These landers would include the Auto-
mated Biological Laboratory (ABL) and the Geophysical Laboratory.
It is assumed that the landers would continuously collect
information at the rate of 250 bits per second (bps). Since
approximately 50% of the time the landers will be out of
sight of Earth, some of the information would need to be
recorded. Transmission to Earth then, would be at twice the
recording rate. A relatively simple lander design could be
mechanized to provide a long duration communication capablliity;
its prime power could be obtained from a solar array source.

. Table II summarizes some of the characteristics
of the probes which are pertinent to the communication system
designs. The receiving system on the spacecraft is assumed
to have a 20 ft. antenna and an uncooled parametric amplifier
system which has an effective system noise temperature of
300°K.

For the purpose of this memorandum, the video
information from the photographic probes will be assumed to be
transmitted by a conventional FM method, and the data from the
long 1life lander probes will be transmitted by a coherent PCM
method. In order to obtain the desired baseband performances,
the design of the FM system would be as follows.
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Baseband SNR Modulation I® SNR IF Bandwidth

Index
Ranger Photo- )
graphic Probe 40 db p-p/rms 3.5 104db 3.0 MHz
Lander Photo- :
graphic Probe 40 db p-p/rms . 3.5 10db 10.0 KHz

Table II provides the performance calculations from
the probes to the spacecraft or Earth receiving stations.
The criteria established is the combined transmitter power
and transmitting antenna gain or effective radiated power (ERP)
requirements of the probes. Various combinations of these two
parameters can be made, the following represent a reasonable
set of numbers:

ERP Required Antenna Antenna Transmitter

Size Beamwidth Power
Ranger Photo-
graphic Probe 32 dbw 1 ft. 32° 100 w
Lander Photo-
graphic Probe 30.8 dbw 1 ft. 32° 50 w
Long Life 4
Lander Probe 38.8 dbw e, go 20 w

Other probes, such as an atmospheric and a surface
sample retrilever probe, may also be incorporated in a Manned
Mars Flyby mission, but are not discussed here. However, it
is reasonable to assume that the information rate from these
probes would be less than the probes discussed above, and the
spacecraft or Earth would be able to receive them with the
communication systems reviewed here,

The probe deployment strategy or segucncce was not
considered in the discussion. The implication is that the
probes will be deployed sequentially so that the same com-
munication system on the spacecraft would be able to communicate
with the probes on a time sharing basis. It 1is highly probable
that two separate antenna systems would be needed on the space-
craft in order to communicate with the Earth and the probes
simultaneously. 'In addition to providing simultaneous probe-
spacecraft and spacecraft-Earth communications, two antenna
systems would provide redundancy in the antenna system.
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It should be noted that directional antennas are
used for all the probes, therefore, antenna pointing capabilities
would be needed in all cases with the exception of the Ranger
Photographic Probe. The Ranger probe would be active for a
limited duration (10 minutes) and its angular relation with
respect to the spacecraft is well within the beamwidth of the
antenna. The antenna pointing of the lander probes could be
accomplished by command links from the spacecraft or Earth.
The capabilities of the command links to the lander probes
with omnidirectional command receive antennas are calculated:
in Table IV. It is seen that the command capability from
Spacecraft to Lander Photographic Probe is 630 bits per second
and from Earth to Long Life Lander Probe is 115 bps.

IV. Summary

A summary of spacecraft and probe system parameters
is provided in Table V. ©Note that all of these designs use
S-band frequencies, which would allow redundancy in the required
communications equipment. Additionally, the design approach
used here 1s conservative. FM receiver thresholds are based
on present day conventional discriminators, on board data
processing (e.g., compression) and coded communications
techniques are not included. Improvements in performance
could be obtained by using some of these techniques, such
as FM with feedback receivers and orthogonal codes for digital
data transmission, at the expense of design and equipment
complexity. Increasing the operating frequencies from S-band
to C-band would also improve the communications performance

by approximately 6 db. (////
st Ueer

R. K. Chen
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TABLE T

Communication System Parameters Assumed for

Earth - Spacecraft Links Calculations

Earth transmitter power 100 Kw

Earth Antenna gain, transmit (2100 GHz) 60.5 db
receive (2300 GHz) 61.0 db

Path loss (0.8 A.U. at 2.3 GHz) 261.2 db

Ground receiver system noise spectral '
density (Teff=SO°K) -211.6 dbw/Hz

Spacecraft receiver system noise
spectral density (uncooled parametric
amplifier, Teff=3OOoK) : -203.8 dbw/Hz

Miscellaneous system losses 10 db

Signal-to-noise ratio required

coherent PSK modulation, 10-3 bit

error rate (in a bit rate bandwidth) 7 db
conventional FM (in an I.F. bandwidth) 10 db




SUOT3B0TUNWLO) J0J SoT3STdejoedey) oqodd JO Aaewung - II FT4YL

Nty €°¢

No06

(uted qp 19)
"33 0T¢

wu 000°00¢

Ao00€

(uted qp Q0f) "33 0¢

wu 000°0¢

1o00€E

(uted qp Qf) "33 0¢

S0UBYST(O WNUWTXBHY

sdanieJdaduia] 9STON
wWoqsAg BUTATS09Y

SZTS BUUSZUY
BUTAT209Y

Syjuouw XTS Aep auoO goqnuITW O (UOT3BOTUNUWOD)
SUWTL =JT1
yadaey a2Jedo9ordg 1jeadosordg 09 pajaTwsuBJLl
UOT3BUWJIOJUT
muoa M|OH M|OH (POMOTTR WNWTXBU)
o138y JoJdJay 3Td TB3ITIIC
- (swa/d-d gp 0f) (sway/d-d gp 0f)
SwJa/sWa qp TE suI/sua qp TE (FoTeUuy) poJatnbay N/S
sdq 00S sdq 0T X 0°TT sdq wOH X 0'f s3®eY ®3eQ I®B3ITITA
- ZH 0h8 ZHY 00¢ yjptmpueyg OSPTA
- squawWwaTa Q09 SquauwsSTe Q02T uoTanTosay TeOT3JIaA
-——- squsuwisTa 0009 SQUDUWST® 0021 UOTANTOS9y TBIUOZTJOH
— dnoy/surdal T 088 /8WBIAT f1°0 S4BJd sWBJdY
5qoad 8q0adg 8q0Jad

Jdspur] SJT77 JUOT]

otydealdoqoyg Japue]

otydeadogoyd Js3ury




U3JdBY 40 jJedoooedg 03 8qodd

SWo3SAS SUOT4BOTUNWUWO) 9qO0JdJ J40J SUOTZBINOTEB) @oUBWIOJISd - III ATIdVL

Map g g¢ Mmap g ot MQp 2t (utep
BUUS3UY JUTJFTUSURI],
pue JeMod J933TWSUBIJ,
pautqwo)) paaInbay JuUi
ap 7 *91c¢c- ap 9°hgI- ae 0°L9T- Ss0T 38N
apr 0°19 ap 0°0f ap 0°0f UTeBH BUUS3UY BUTATS03Y
qe 0°L - ap 0°0T - aqp 0°0T - s8ss0T wWaj3shg TB3O
(Qv €°¢) 49p §°0L2— | ("TW'N"X 00&) ap 9 hie= (*TFW N"Y0Z) 9P 0 T61- sSsoT yszed.
Map 9 LLT- map g'EST- Map 0°62T- paatnbay Jdamod
Teu3Tg JuTAaTsoay
qp 0° . ap 0°0T ap 0°0T paatnbsy orjey-
9STON 09 TBUIIS.
Mqp 9°Hg81I- maqp g €9T- Mgp Q0 6ET- JI9MOg SSTON Hmpoa.
(zZH 00G) ap 0-7l¢ (zHY 0T) ap 0°0f (ZHW &) QP 8°19 yjprmpuedg 9STON
ZH/MQp 9°T1Z- ZH/MQp Q°E0e- ZH/MAP 8 €02 zy a9d Jamod SSTON
weqsAg JupaTeosy
9qoJag JopurT] 2qo0ag 8qodg
9JTIT SJuoTg oTydeadojzoyd Jspue] oTydealdojotg Ja3uey




U3ded 40 3Jed000edS WOJLJ S9q0dd JISpue]

o7 SoT3TIrqede) JUT] puewwo) - AI FI4VL

sdq GTT
J0 QP 9°02
qp 001
ZH/MAP 0°002-
Map 4 69T~
@ 0L -
ap 0°€ -
ap f-ole-
ap 0°19

(MY 00T) MAp Q6§

sdq 0€9
a0 qp g2

ap 0°0T

ZH/M4p 07002~

MQpP 07291~

ap 0°0T -
ap 0°¢ -
ap 9°nle-
ap 0°0f

(s33em £9£) -MQpP 9°G¢

y3pIMpUBg STABRTTEBAY

(83®'y J0JJdyg 371d mloa J0J WOd 3us8JIaYyoy)
psJainbay OT3BY OSTON 03 TBU3TS

ZzH 4ad asmog SSTON waqsAg J9AT909Y
JI9MOJ TRBUBTS POATS03Y TB3IOL

gogg0T waqsAs IeIOL

UT®BH BUUSjUY IJUTATS08Y

SSOT yaed

upeyn BUUSJUY mcﬁmpﬁswcmmB

Jom0g J933TWSuBJLL

(ysaed wodyd)
sqoad
Jopue] 9JT7T 3uoT]

(3Jea090edS WOIY)
aqoad
oTydeadojoyd JI9puB]




UOTSSTIW AGATH SJB) PSUUB) JO0J SJI930WBJIEBJ SUOTLBO LUNWWO)

JOo Aarvuuwng - A H79VL

q1Jed0000dg WO,

—-- -=- sdq 0€9 - -—-
POATS09Y ®BaR(Q
— -~-| 08DPTA ZH 0fQ| ©°DPTA ZHY 00€ ——— 3Jeaoeoedg 03
UOTSSTWSUBIL] ®1B(J
(9oUB]STp
WNWTXBHY) (souBg3sSTP
sdq ¢1T unutxen)sdq 0T X L°g
- —-—— - 9 UJ3daes WOJIg
AMOpCSOOQmeQQNOﬁ X €4 PaAT909Y wvaR(Q
(sourgSTID
UnWIXen) (soueySTp
sda 006 unutxey) sdqy §°2g
(a@3unodus) sdq QT . yadedq 03
9 UOTSSTUSURBRI] ®BIB(J
Ao06 AoG2l AoG2L —— M000¢ aanjedadwa], 9STON
wagshg J9ATS08Y
33 0T<¢ *3F h ‘33 T ‘33 1 ‘143 02 9ZTQ BUUSJUY
MY 00T M Q2 M Q¢ M Q0T m £g9¢ JOMOJ JO33TUWSUBA],
9Q0Jdg Japue] 9q0Jag aqoag

ygaey

8JT7T 3uoT]

0q0yd Jspue]

030Ug J83ury

1Jedosordg




